The influence of structural factors of biological media on the acoustic nonlinearity parameter B/.4 have been studied at the tissue, cellular, and molecular levels, using the thermodynamic and finite amplitude methods. B/.4 was determined as the structural factors of the media were altered physically and biochemically, while chemical composition was maintained unchanged. Significant structural dependencies of B A4 were observed at all three levels; 26% of the dry weight contribution to the total B/.4 (the B/.4 value with water contribution subtracted) is due to the cell-cell adhesive force in liver tissue, 20% is due to the hepatocyte cellular structure, and 15% is due to secondary and tertiary protein structure. (Zhang and Dunn, 1987) . However, no systematic study has been reported regarding the influence of structural features of the media on the B/A parameter, though there is evidence to suggest such dependence (Law et aL, 1985) . This paper reports such a study. Both the thermodynamic and the finite amplitude methods wcrc employed to measure the relative B/A changes when three structural levels, i.e., tissue, cellular, and molecular levels, were perturbed physically and biochemically. The study was arranged so that only the structural features of the specimen were altered, with the chemical composition maintained unchanged. It has been found that about 26% of the dry weight B/.4 (the B/A value obtained with the water contribution subtracted away) is due to tissue level structure, 20% due to the cellular Icyel structure and 15% due to the molecular structure of protein (Zhang, 1990).
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where x is the distance between the receiving and transmitting transducers, p• (0) is the acoustic pressure output of the transmitter at the fundamental frequency • p2 (x) is the amplitude of the second ha•onic acoustic pressure averaged over the surface of the receive transducer, DIFF(x) is the diffraction correction that is a function of the geometry, Po is the equilibrium density of the medium, and c o is the infinitesimal wave speed. Here a• and a2 are the absorption coe•-cients of the medium at the fundamental and second harmonic frequencies, respectivelyß Figure 1 shows the block diagram of the measurement systemß The Wavetek 271 pulse generator produces a sinusoidal burst of 15 cycles at 3 MHz which, after being amplified (Amplifier Research, Model 10LA), dfves the transmitterß The two channels of the Tektronix 2430A digital storage oscilloscope acquires the transmitted and received pulses, which are then transferred to the AT&T 63• computer, via an IEEE 488 interfaceß Spectrum analysis and time delay calculations are then made, respectively, for the fundamental frequency components at 3MHz and its 6-MHz second ha•onic (Zhang, 1990) , and for the speed of sound.
In order to improve the accuracy of the B/A measurement, and to circumvent the very involved transducer calibration procedures (Law et al., 1985) , a comparative procedure was employed to obtain the relative B/A measurementß The method compares the second harmonic pressure component determined for a sample with that of a reference medium with a known B/A value as follows.
Assuming that Po, P•, and P2 are the transmitter output pressure, the fundamental acoustic pressure and the second harmonic pressure at distance x from the transmitter, respectively, and that %, •, and v2 are, respectively, the fundamental driving voltages of the transmitter, and the fundamental and second ha•onic voltage components in the received pulse, then the sensitvities of the transducers can be 
where the * denotes the value for the reference medium. ied and for reference media of known B/A values, the B/A value for the unknown sample can be determined.
Additionally, let K •poC, • v•/o• xDIFF ( x ),
The transducer sensitivities r/o, r/•, and •/2 change slightly with the acoustic impedance of the media; about 5 % for an impedance change from 1.6 X 105 to 1.7 X 10 • g/cm2s (Law, 1984) . For a 10% NaC1 reference solution having an impedance of 1.66 X 105 g/cm2s, and with the cat liver with impedance of 1.64 X 105 g/cm2s, the error introduced by making the above assumption is about 2%.about 6 ml, and the thickness ranged from 0.6-0.9 cm, sufficient for adequate transducer separation and measurement.
B. Tissue perfusion procedure
In oitro perfusion of the liver, first in the absence of calcium and then in the presence of collagenase, was first used by biochemists to obtain large yields of hepatocytes (Seglen, 1973 (Seglen, , 1976 . This procedure was adapted in this study to provide a gentle method for the gradual dissociation of the intercellular adhesive interactions among hepatocytes. The procedure is described briefly as follows.
It is well documented, in a variety of species (Obrink et aL, 1977; $eglen, 1973 , 1976 (Seglen, 1973 (Seglen, , 1976 . Morphologically, at the electron microscope level, the unperfused liver tissue shows intact intercellular adhesion; the membranes from two neighboring hepatocytes remain an intimate contact and parallel to each other. The liver tissue perfused with Ca + +-free buffer is seen to contain spherically shaped cells and partially dissociated cell-cell contacts which include gap and tight junctions. At the end of the perfusion procedure with collagenase buffer, only cell cords remain. Complete dissociation of these cell cords can be achieved by gentle mechanical treatments, such as massage or rolling the cell suspension in a round-bottom flask.
The perfusion arrangement is shown in Fig. 2 pump (Masterflex, catalog number 7553-10, Cole-Panner) delivers perfusate, at the rate of 76 ml/min for cats and 56 ml/min for rats, into the liver via a bubble trap, which prevents air being pumped into the specimen. The perfusate returns to the reservoir and is recirculated. A graduated cylinder serves as a convenient reservoir for monitoring the amount of perfusate intake into the liver. Three kinds ofperfusates were used, viz., the physiological buffer, the Ca + +-free buffer, and the collagenase buffer. The physiological buffer was prepared using powdered cell culture medium (Eagle Medium-GIBCO Laboratories) containing 2 mM CaCI2, pH 7.5. The Ca++-free and the collagenase buffers were prepared from the following recipes: The perfusion procedure began with physiological buffer, which was allowed to pass through the liver directly to waste, thereby flushing all blood from the organ before switching over to recirculation. The perfusion of the physiological buffer was not expected to alter the structure of the liver tissue and thus provided a control state. After a period of time, usually between 20-60 min, perfusion with Ca + +-free buffer was initiated. Caution was exercised not to introduce air bubbles into the liver during the switch over from one buffer to the other. The perfusion of the Ca + +-free buffer lasted about 60-90 min, before the perfusion with collagenase buffer was initiated.
C. Hepatocyte suspension preparation
The hepatocyte suspension was obtained by gentle messaging of the liver, perfused as described above, in a small plastic bag. The suspension was first concentrated by sedimentation at unit gravity for 10-I 5 min, to allow preferential settling of hepatocytes. The supernatant was removed by pipetting, and the concentrated hepatocyte suspension was then degassed for 1 « h. The suspension was transferred carefully to the velocimeter using a transfer pipette, so that air bubbles were not introduced. The B/.4 determination followed, after which the hepatocyte suspension was transferred back to a test tube and added to the unused portion of the sample to compensate for the loss in sample handling. The suspension was then subjected to the sonication proce-dure, and further degassing, in preparation for the B/.4 determination.
Weight to weight percentage concentration was determined by placing a preweighed sample in an oven at 120 øC for 20 h, after which the dehydrated sample was weighed, and the difference in weight taken to be the amount of water evaporated.
The procedure used to concentrate the hepatocyte suspension was essential because settling moved some hepatocytes out of the acoustic field (the sample chamber was oriented horizontally and the diameters of the transducers are smaller than that of the chamber). The B/21 value so determined would have been less than it should have been without settling.
1.5 h before being loaded into the velocimeter for B/A mea- 
E. Sample degassing
Small air bubbles within a sample are known to increase the B/A value significantly (Everbach, 1989) . Therefore, before each measurement proper, the liquid sample was degassed in a rotary evaporator capable of creating and sustaining a vacuum of 760 mm Hg. Depending upon the surface tension of the liquid, the degassing time varied from 30 min to 2 h. Usually a large quantity of bubbles emerged from within the liquid at the beginning of the degassing process, and as the process continued, the number of bubbles emerging decreased. Highly viscous samples, such as sonicated hepatocyte suspensions in which the sonication process produces a large quantity of bubbles, required several cycles of on-off vacuum first to remove the large air bubbles. An empirically derived criteria for determining the completeness of the degassing procedure was 1/2 h after no further visible bubbles appeared in the liquid. 
III. RESULTS

A. Effect of intercellular adhesion
Cat and rat liver specimens were prepared as described above. The liver specimen was isolated, following the surgical procedure, and the portal vein canulated. A site for observation was chosen relatively free of large blood vessels, but sufficiently thick that standing waves could not be estab- 
represents the water content of liver, which was replaced by the collagenase buffer upon its introduction. This estimate is comparable in magnitude to the entries of Table I, supporting the view that the sharp increase in velocity upon introduction of the collagenase buffer is due to its HEPES
and BSA contents.
The cumulative velocity decreases during perfusion with both buffers, without taking into account the discontinuity, are also tabulated in Table I 
C. Effects of protein tertiary and secondary structure
The above findings on the dependence of B/.4 on tissue and cellular level structure also suggests that molecular level structure may also be influential. BSA was employed, with alteration of the tertiary and secondary structure produced by the denaturing agent sodium dodecyl sulfate (SDS) (Weber and Osborn, 1969).
BSA solutions were prepared with SDS ranging from 0%-3%, and solutions of SDS only were controls. The 4-ml thermodynamic method was used for B/.4 measurement. Figure 13 shows 
where the x's are the related volume fractions. 
D. Effect of protein primary structure
To investigate further the dependence ofB/A on protein primary structure, a nonspecific protease (Boehringer Mannhelm Biochemicals, IN) was used to digest BSA into its constituent amino acids. The underlying idea was to examine the B/A change when this level of protein structure was destroyed. When the nonspecific protease is added to the BSA solution, the enzyme catalyzes the hydrolysis of peptide bonds resulting in the conversion of the protein into free amino acids. For a particular temperature, the higher the concentration of the protease, the faster the rate of digestion. The concentration of protease was chosen so that the entire process of digestion was completed in about 10 h; long enough to collect sufficient data. Fig. 18 , where it is seen that there is no significant B/.4 change in the process of digestion, suggesting that the B/.4 parameter is not sensitive to this level of structure. Also shown in Fig. 18 is B / .4 for a glycine solution, which exhibits no significant difference in B/.4 from those in the intact BSA solution and in the digested BSA solution, providing additional evidence for the above conclusion. The speed of sound was also measured in these solutions, shown in Fig. 19 , and three observations can be made. First, it reconfirms indirectly the existence of the digestion process, since the only preparation exhibiting the velocity change is the one with protease added. Second, it demonstrates the increase of velocity as the protein is digested. Third, the velocities measured in the glycine solution are greater than both the intact and the digested BSA solutions. These results agree with the conclusion that the digested BSA, which is basically a collection of different amino acids, exhibits higher velocity than intact BSA. The large scattering of the data in Fig. 18 is due to the one time measurement and no attempt is made to average the B/.4 values, since the 0.5 h per data point is the highest data collection rate the thermodynamic method can achieve. 
